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CCB Application Notes:
1. Character(s) preceded & followed by these synbols (. -) or (+ ,)
are super- or subscripted, respectively.
EXAMPLES: 42m.3- = 42 cubic neters
CO+2, = carbon di oxi de

2. Al degree synbols have been replaced with the word deg.
3. Al plus or nminus synbols have been replaced with the synbol +/-.

4. Al table note letters and nunbers have been enclosed in square
brackets in both the table and bel ow the table.

5. Whenever possible, mathematical synmbols have been replaced with
their proper name and encl osed in square brackets.
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ATTACHVENTS

New Cover New pages 7.1-159 through 7.1-162.

New Record of Docunent Changes page. New pages 7.1-175 and 7.1-176.

New pages iii through xv. New pages 7.1-203 and 7. 1-204.

New pages 7.1-1 and 7.1-2. New pages 7.1-259 and 7. 1-260.

New pages 7.1-45 through 7.1-50. New pages 7.1-283 and 7. 1-284.

New pages 7.1-115 through 7.1-118. New page 7. 1-307.

New pages 7.1-125 through 7.1-126. New pages 7.1-345 and 7. 1-346.

New pages 7.1-153 through 7.1-154 New pages 7.1-A-1 and 7.1-A-2.

New DD Form 1426.
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EXPLANATI ON

Renove ol d cover dated May 1982, and replace with attached new cover
dat ed September 1986.
Insert new Record of Document Changes pages inmediately after new cover

page.

Renove pages 7.1-iii through 7.1-xviii and replace with new pages ii
t hr ough xv.

Renove pages 7.1-1 and 7.1-2 and replace with attached new pages 7.1-1
and 7.1-2

Renove pages 7.1-45 through 7.1-50 and replace with attached new pages
7.1-47 through 7.1-50.

Renove pages 7.1-115 through 7.1-118 and replace with attached new pages
7.1-115 through 7.1-118.

Renove pages 7.1-125 through 7.1-126 and replace with attached new pages
7.1-125 through 7.1-126.

Renove pages 7.1-153 and 7.1-154 and replace with attached new pages
7.1-153 and 7. 1-154.

Renove pages 7.1-159 through 7.1-162 and replace with attached new pages
7.1-159 through 7.1-162.

Renove pages 7.1-175 and 7.1-176 and replace with attached new pages
7.1-175 and 7.1-176.

Renove pages 7.1-203 and 7.1-204 and replace with attached new pages
7.1-203 and 7.1-204.

Renove pages 7.1-259 and 7.1-260 and replace with attached new pages
7.1-259 and 7.1-260.

Renove pages 7.1-283 and 7.1-284 and replace with attached new pages
7.1-283 and 7.1-284.

Renove page 7.1-307 and replace with attached new page 7.1-307.

Renove pages 7.1-345 and 7.1-346 and replace with attached new pages
7.1-345 and 7. 1- 346.

Renove pages 7.1-A-1 and 7.1-A-2 and replace with attached new pages
7.1-A-1 and 7.1-A-2.

Insert new DD Form 1426 in back of manual .

DM 7.01 SOL MECHANICS is revalidated for three years after
i ncorporation of this change.

233233333333333333333333333133333313331313333333131313333313131313131331313131313131133313111)))
4. DI STRI BUTI ON

See reverse.
)))))))))))))))))))))))))))))))))))))??))))))))))))))))))))))))))))))))))))))



NAVFAC DM P MANUAL DI STRI BUTI ON (01/87):
(1 copy each unl ess ot herw se specified)

SNDL
39B
49
A2A
A3
A5
A6
B2A
B5
E3A
FAG6
FA7
FA10
FA18
FA23
FA32
FB6
FB7
FB10
FB13
FB21
FB34
FB36
FB48
FC3
FC5
FC7
FC12
FC14
FD1
FE1
FE2
FE4

FF6
FF38

F&

FG3
FGo
FH1
FKA1A
FKA1B
FKA1C
FKA1F
FKA1G
FKVB
FKMVD
FKML3
FKML5
FKN1

FKN2

coveB

ADMSUPPU

NAVY STAFF (ONR only)

CHI EF OF NAVAL OPERATI ONS
NAVPERS & BUMED

COMMANDANT MC (code LFF)
(JCS, NSA, DLA, DNA only)
USCG onl y)

LAB ONR(Wash. DC onl y)

NAVAI RSTA LANT

NAVSTA LANT

SUB BASE LANT

PHI BASE LANT

NAVFAC LANT

Cl NCLANT CBU

NAVAI RFAC PAC

NAVAI RSTA PAC

NAVSTA PAC (Seattle only)
SUBASE PAC (Bangor only)

PHI BASE PAC

FLEACTPAC ( Kadena, Sasebo onl y)
FAC PAC

SUPPFAC PAC

ACTIVITY EUR (London only)
SUPPORT ACTIVITY EUR

NAVAL STATI ON EUR

FLEET SUPPORT OFFI CE

NAVAI RSTA EUR

OCEANOGRAPHY COWM

SECURI TY GROUP HQ

SECURI TY STATI ON

SECGRUACT (Edzell, Hanza
Honmest ead, Sabana Seca,
Sonoma, W nter Harbor only)
NAVAL OBSERVATORY

NAVAL ACADEMY

TELECOVMCOM

COVSTA (Bal boa, Harold Holt,
Nea Makri, Thurso, Stockton,
Yokosuka, San M guel only)
COW UNI T (East Machi as only)
CA MASTER STAS (Norfol k only)
COWNAVMEDCOM

SYSCoM Al R

SYSCOM ELEX

NAVFAC, ( Code 04M2, 30 copi es)
SYSCOM  SUP

SYSCOM SEA

SUPPLY ANNEX

NSC ( Gakl and only)

SHI PS PARTS & CONTROL CEN
ASO (Phi |l adel phia only)
LANTDI V (100 copi es)
CHESDI V ( 50 copi es)

NORTHDI V (75 copi es)

PACDI V, SOUTHDI V,

WESTDI V, (200 copi es each)
CBC



FKN3 O CC (6 copies each)

FKN5 PWC (5 copies each)

FKN7 ENERGY ENVI RON SUPP ACT
FKN1O  SUPPORT ACT, NAV FAC
FKN11  ClVIL ENG NEERI NG LAB
FKP1B  WEAPONS STATI ON

FKP1E  UNDERSEA WARFARE ENGR STA
FKP1J NAVAL ORDNANCE STATI ON
FKP1IM  WEAPONS SUPPLY CENTER
FKP7 NAVAL SHI PYARDS

FK@BA  ELECTRONI C STMS ENGR CEN
FKQA Al R DEVELOPMENT CENTER
FKQB  COASTAL SYSTEMS CENTER
FKQC  OCEAN SYSTEMS CENTER
FKQSBE  SHI P RESEARCH & DEV. CEN.
FKQF  SURFACE WEAPONS CENTER
FKQG  UNDERWATER SYSTEMS CENTER
FKQ6H  NAVAL WEAPONS CENTER
FKRIA AR STATIONS R & D

FKR1IB AR REWORK FACILITY

FKR3A Al R ENG NEERI NG CENTER
FKR3H Al R PROPULSI ON CENTER
FKRAB M SSI LE RANGE FACI LI TY
FKR5 AVI ONI CS CENTER

FKR7E  AVI ATI ON LOGQ STI CS CENTER

FR3 Al R STATI ONS

FR4 Al R FACI LI TI ES

FR15 SUPPACT

FT1 CHI EF NAVAL ENGR. TRAI NI NG
FT2 CHI EF NAVAL Al R TRAI NI NG
FT6 Al R STATI ONS CNET

FT13 Al R TECH TRAI NI NG CEN

FT18 CONSTR. BATTALION UNIT CBC
FT19 ADM NCOM ( San Di ego only)

FT22 FLECOVBATRACEN (Va. Beach only)
FT28 EDUCATI ON & TRAI NI NG CEN

FT31 TRAI NI NG CENTER

FT37 SCHOOL CEC OFFI CERS

FT55 SCHOOL SUPPLY CORPS

FT78 ED & TRNG PGM DEV CEN

V2 MARCORPS BARRACKS SUPPORT

V3 NC Al R BASE COMVAND

V5 MCAS (| ess Beaufort)

V5 MCAS (Beaufort only,5 cys)
V8 MC RECRUI T DEPCT

V12 MC DEVELOP. & EDUCATI ON CEN
V14 MC HEADQUARTERS BATTALI ON

V15 MC DI STRI CT

V17 MC CAMP

V23 MC LOG STI CS BASE

V25 MC Al R GROUND COMBAT CEN

REMAI NDER TO: RECEI VI NG OFFI CER

Naval Publications and Forms Center

5801 Tabor Avenue, Phila., PA 19120
FOR | MVEDI ATE STOCK

Informati on on how to obtain additional copies is contained in References.



RECORD OF DOCUMENT CHANGES

I nstructions: DI SCARD EXI STI NG SHEET MD | NSERT THI S NEW RECORD OF DOCUMENT
CHANGES.

This is an inventory of all changes made to this design manual. Each change
i s consecutively nunbered, and each change page in the design manual
i ncl udes the date of the change which issued it.

Change Descri ption Dat e of Page
Nunber of Change Change Changed
DD22300333 0330303030303 3303 3030303030303 03030000000000000)0)))
1 Added new cover with revalidation date. Sept enmber
1986 Cover

Added Record of Document Changes page. -
New Abstract . i

Added to Foreword address for sending
recommended changes and changed signature

to RADM Jones. v
Added listing of DM 7 series. Vi
Del et ed Preface. Vi i
Del eted Iist of Design Mnuals. i X
New Tabl e of Contents. Vii-xiv
New acknow edgnent s. XV

Del eted DM 9 and corrected title of

DM5.04 in Related Criteria. 7.1-1

Changed date of Reference 13. 7.1-45
Added NAVFAC DM's to Reference |ist. 7.1-47
Updated Rel ated Criteria listing. 7.1-49
Added NAVFAC DM's and P-Pubs to Reference |ist. 7.1-116
Updated Rel ated Criteria listing. 7.1-117

Changed AASHTO T174 to AASHTO T190. 7.1-126



Change
Nunber

1

RECORD OF DOCUMENT CHANGES ( Conti nued)
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Added NAVFAC DM's to Reference |ist.

Del eted DM 5. 11 and updated DM s in Rel ated
Criteria list.

Rest ated equations for Z+r, of g for the
case of circle of wells penetrating artesian
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1-160
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ABSTRACT

Thi s manual covers the application of engineering principles by
experi enced engi neers of soil nmechanics in the design of foundations and
earth structures for naval shore facilities. The contents include
identification and classification of soil and rock, field exploration
testing, and instrunentation, |aboratory testing, distribution of stresses
i ncludi ng pressures on buried structures, analysis of settlenent and vol une
expansi on, seepage and drai nage, and slope stability and protection

i Change 1, Septenber 1986
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FOREWORD

Thi s design manual is one of a series devel oped froman eval uati on of
facilities in the shore establishment, from surveys of the availability of
new materials and construction nethods, and from sel ection of the best
design practices of the Naval Facilities Engi neering Command ( NAVFACENGCOM ,
ot her Governnent agencies, and the private sector. This manual uses, to the
maxi mum ext ent feasible, national professional society, association, and
institute standards in accordance w th NAVFACENGCOM policy. Deviations from
these criteria should not be made without prior approval of NAVFACENGCOM
Headquarters (Code 04).

Desi gn cannot remmin static any nore than the rival functions it serves or
the technologies it uses. Accordingly, recommendations for inprovenent are
encouraged fromw thin the Navy and fromthe private sector and shoul d be
furni shed to Commander, Naval Facilities Engineering Command (Code 04B), 200
Stovall Street, Al exandria, VA 22332-2300.

This publication is certified as an official publication of the Nava
Facilities Engi neering Command and has been revi ewed and approved in
accordance with SECNAVI NST 5600. 16, Procedures Governi ng Revi ew of the
Depart ment of the Navy (DN) Publications.

J. P. JONES, JR

Rear Admiral, CEC, U. S. Navy
Commander

Naval Facilities Engi neering Command
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CHAPTER 1. | DENTI FI CATI ON | D CLASSI FI CATI ON OF SO L AND ROCK
Section 1. | NTRODUCTI ON

1. SCOPE. This chapter presents criteria for soil and rock identification
and classification plus information on their physical engineering
properties. Common soils and rock are di scussed as well as specia
materials such as submarine soils and coral, saprolitic soils, lateritic
soi |l s, expansive and collapsing soils, cavernous |inestone, quick clay,
permaf rost and hydraulically placed fills.

2. RELATED CRITERIA. For additional criteria on the classification and
identification of soil and rock, see the follow ng sources:

Subj ect Sour ce
PavemBNt S. . .o e NAVFAC DM 5. 04
Airfield Pavement. . .... ... .. .. e NAVFAC DM 21 Seri es

Section 2. SO L DEPGCSITS
1. GEOLOG C ORIGA N AND MODE OF OCCURRENCE.
a. Principal Soil Deposits. See Table 1 for principal soil deposits

grouped in terms of origin (e.g., residual, colluvial, etc.) and node of
occurrence (e.g., fluvial, lacustrine, etc.).

b. |Inportance. A geologic description assists in correlating
experi ences between several sites, and in a general sense, indicates the
pattern of strata to be expected prior to nmaking a field investigation (test
borings, etc.). Soils with simlar origin and node of occurrence are
expected to have conparable if not sinmilar engineering properties. For
quantitative foundation analysis, a geol ogical description is inadequate and
nore specific classification is required. For sources of information on the
physi cal geol ogy of the United States, see Chapter 2. A study of references
on |l ocal geol ogy should precede a major subsurface exploration program

c. Soil Horizon. Soil horizons are present in all sedinmentary soils
and transported soils subject to weathering. The A horizon contains the
maxi mum anmount of organic matter; the underlying B horizon contains clays,
sesqui oxi des, and snmall amounts of organic matter. The C horizon is partly
weat hered parent soil or rock and the D horizon is unaltered parent soil and
rock.
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TABLE 1 (continued)
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Section 3. SO L | DENTI FI CATI ON

1. REQUI REMENTS. A conplete engineering soil identification includes: (a)
a classification of constituents, (b) the description of appearance and
structural characteristics, and (c) the determ nation of conpactness or
consi stency in situ.

a. Field ldentification. Identify constituent materials visually
according to their grain size, and/or type of plasticity characteristics per
ASTM St andard D2488, Description of Soils (Visual-Mnual Procedure).

(1) Coarse-Grained Soils. Coarse-grained soils are those soils
where nore than half of particles finer than 3-inch size can be
di stingui shed by the naked eye. The snallest particle that is |arge enough
to be visible corresponds approximately to the size of the opening of No.
200 sieve used for laboratory identification. Conplete identification
i ncl udes grain size, color, and/or estimte of conpactness.

(a) Color. Use color that best describes the sanple. If there
are two colors describe both colors. |If there are nore than two distinct
colors, use nmulti-col ored notation

(b) Grain Size. ldentify conponents and fractions in accordance
with Table 2 - Coarse-G ained Soils.

(c) Grading. ldentify both well graded or poorly graded sizes
as explained in Table 3, under Supplenmentary Criteria for Visua
I dentification.

(d) Assigned Group Synbol. Use Table 3 for estimate of group
synmbol s based on the Unified C assification System

(e) Conmpactness. Estimate conpactness in situ by measuring
resi stance to penetration of a selected penetroneter or sanpling device (see
Chapter 2). |If the standard penetration test is performed, deternine the
nunber of bl ows of a 140 pound hammer falling 30 inches required to drive a
2-inch OD, 1-3/8 inch ID split barrel sampler 1 foot. The number of bl ows
thus obtained is known as the standard penetration resistance, N. The split
barrel is usually driven 18 inches. The penetration resistance is based on
the last 12 inches.

1) Description Terns. See Figure 1 (Reference 1, Soils and
Geol ogy, Procedures for Foundation Design of Buildings and Other Structures
(Except Hydraulic Structures), by the Departnents of the Arny and Air
Force) for descriptive terns of conpactness of sand. Figure 1 is applicable
for normally consolidated sand.

2) Compactness Based on Static Cone Penetration Resistance,
g+c,. Reference 2, Cone Resistance as Measure of Sand Strength, by Mtchel
and Lunne, provides guidance for estimating relative density with respect

to the cone resistance. |If g+c, and N values are neasured during the field
exploration, a g+c,-N correlation could be made, and Figure 1 is used to
descri be conpactness. If N is not neasured, but g+c, is nmeasured, then use
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Fractions

Si eve Size
MDD

12"+

on
)

3" - 12"
3/4" - 3"
No. 4 to 3/4"

No.
No.
No.

10 to No. 4
40 to No. 10
200 to No. 40

Passi ng No. 200

ective
)D3D)))

Per cent age Requi r enent
233333313333333333311))

10%
20%
35%
50%

1 -
10 -
20 -
35 -

in accordance with plasticity
and toughness as described in Table 3.

Thi ckness
MDD

0 to 1/16" thickness

1/16 to 1/2" thickness

1/2 to 12" thickness

greater than 12" thickness

alternating seans or |ayers of sand,
silt and cl ay

smal |, erratic deposit,
than 1 foot

l enticul ar deposit

one or |less per foot of thickness

nore than one per foot of thickness

usual 'y | ess

oo % o b X b b R b Rk o b X b o R X b Rk R b X R R Xk xR b X X ok R X ok F % X ok F X % ¥
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